Introduction
The adaptation level of a species and a community as a whole determines the relationship between freshwater algal biodiversity and environmental conditions. Bioindication is based on the principal of congruence between community composition and the complexity of environmental factors. However, it is still a problem to define the role of climatic factors in predicting the community's response to environmental change. In an analysis of freshwater algae diversity we encounter certain difficulties. First, it is difficult to determine the scope of communities involved, as well as to define the scope of research tasks and the relevance of operative approaches (Barinova, 2013) . The effects of altitude on freshwater algae distribution is widely discussed in the recent literature (Aboal et al., 1989; Sabater and Roca, 1992; Şahin, 1998 , 2000 , 2001 Poulíčková et al., 2003; Cantonati et al., 2007; Kapetanović and Hafner, 2007; Barinova, 2011b; Barinova and Nevo, 2012; Barinova et al., 2013; Hisoriev, 2013) but still remains a problem.
Our experience in freshwater algal communities' comparisons and infraspecific levels of comparison gives us a method for a productive approach when there are visible climatic responses in the ecoregional, riverine basin floras.
South-Tajik Depression algae from low-to highmountain habitats of the Vakhsh, Kafirnigan, and Kyzylsu river basins have been studied since 1967 (Shmeleva, 1967 (Shmeleva, , 1976 (Shmeleva, , 1980 Andrievskaya, 1976; Hisoriev and PalamarMordvintseva, 1979) . We examined algal communities not only in rivers, but also in numerous natural and artificial reservoirs encountered in the river valleys of the Kyzylsu, Yakhsu, and Tairsu rivers and the Muminabad and Selbursk reservoirs (Boboev, 2002) .
The aim of the current study was to reveal the response of algal communities in the South-Tajik Depression to altitude and altitude-related climatic conditions of its habitats. Thus, we try to implement diverse bioindicational and statistical methods, which represent some new approaches in freshwater algal diversity analysis.
Materials and methods

Description of study site
The territory of the South-Tajik Depression crosses several high-water rivers: Kafirnigan, Vakhsh (middle and lower reaches), Kyzylsu, Yakhsu, and Tairsu, and many small rivers. All of these are right tributaries of the Panj River, which flow into the Amu-Darya River and then into the Aral Sea. They belong to the Upper Amu Darya 631 ecoregion (Figure 1) , as per the Freshwater Ecoregions of the World (FEOW; http://feow.org/). In this territory there are artificial reservoirs, e.g., Muminabad, Selbursk, Golovnoe, Khodzhamumin, and Nurek (Safarov, 2003) , as well as small lakes and fishponds ( Figure 2 ).
Sampling and laboratory studies
Altogether, 766 samples of plankton, benthos, and periphyton were collected from rivers and lakes of the study area during the period of 2000-2011. They were fixed in 2%-4% neutral formaldehyde solution. Microscopy was performed with an MBI-3, Amplival, and Carl Zeiss Axioskop-40 with a high-resolution AxioCam MRc-5 digital camera and AxioVision 4.8 microscopes under 600-1000× magnification. Diatom shells were studied in permanent slides with Elyashev media. No less than 300 cells were calculated from each sample.
Taxonomic analysis and functional classification
For taxonomic identification the International Handbook series was used. The modern species names in our work come from AlgaeBase (Guiry and Guiry, 2014) with the common system nomenclature derived from CavalierSmith (2004) .
Bioindication
Each group of species was separately assessed with respect to their significance as bioindicators according to synthetic tables on species ecology (Barinova et al., 2006; Ziglio et al., 2006) . Those species that predictably responded to environmental variables could be used as bioindicators reflecting the response of the aquatic ecosystems to eutrophication, acidification (based upon pH levels), salinity, and self-purification (Sládeček, 1973; Barinova et al., 2006; Barinova, 2011) . Class of water quality was defined using the EU 5-Classes system (Barinova et al., 2006) based on species indicators content. Saprobity indicators have a species-specific index in each species that is relevant to the Water Quality Class. The following index ranges determine the class: 0.0-0.5 = Class 1; 0.5-1.5 = Class 2; 1.5-2.5 = Class 3; 2.5-3.5 = Class 4; 3.5-4.5 = Class 5 (Sládeček, 1973 (Sládeček, , 1986 .
Statistical analysis
Statistical processing of algological material included the comparison of the species composition in different water bodies and at different altitude levels using the Sørensen-Czekanowski (or Bray-Curtis) indices (the GRAPHS Program package; Novakovsky, 2004) with the construction of a similarity tree and a dendrite of species composition similarity. Statistical analysis of the relationships of species diversity in algal communities and their environmental variables were calculated using Statistica 7.0 and canonical correspondence analysis (CCA) with CANOCO for Windows 4.5 (Ter Braak and Šmilauer, 2002) . The statistical significance of each variable was assessed using the Monte Carlo unrestricted permutation test involving 999 permutations (Ter Braak, 1990) . The CCA biplot represents the overlap of species diversity in relation to a given combination of environmental variables. Arrows represent the environmental variables, with the maximal values for each variable located at the tip of the arrow (Ter Braak, 1987) . Pearson correlations between different taxonomical and climatic variables were calculated with the help of Free Statistics and Forecasting Software (http:// www.wessa.net/corr.wasp).
Results
We compiled an algal species list (see Appendix, online only) from the studied area rivers and lakes containing 1190 taxa from 9 taxonomical divisions (Table; Appendix). Species richness was high; nevertheless, our first step was to check the representation of revealed diversity for adequate analysis. We adopted Willis' approach (1922) for assessing completeness of floristic data to freshwater algal floras. On the basis of our own experience (Barinova et al., 2006; Barinova, 2011) and the work of our colleagues (Bilous et al., 2013) , the hyperbolic shape of the Willis curve is reasonably reliable evidence of taxonomic completeness in the case of thoroughly studied regional and local basinal floras. The validity of this approach has been tested in the comparably rich algal floras of Turkey (2100 species), the Aragvi River (964 species), Georgia (1164 species), and Israel (1621 species). As a result, we constructed a Willis curve for the revealed algal diversity, which is the ratio of species to genera number ( Figure  3 ). The trend line shows an almost exact correlation with the estimated distribution, which means that revealed diversity is statistically analyzable.
The next step was a bioindicational analysis of the identified species with respect to ecological groups. The standard deviation line singles out the most significant ecological indicator groups or combinations of such. As can be seen in Figures 4 and 5, and in the electronic Appendix, the most represented algae were from the Heterokontophyta, Chlorophyta, and Cyanoprokaryota taxonomic divisions ( Figure 4a ). Two major groups of organic pollution indicators are represented: oligo-and betamesosaprobes (Figure 4b ), which means that the studied habitats can be divided into two different groups of low and medium pollution. The identified species mostly use photosynthetic ways for organic carbon production, whereby there was strong evidence of prevailing autotrophic ecological groups (Figure 4c ). Indifferent and low-alkaliphilic species can be seen as indicators of low-alkaline water ( (Van Dam et al., 1994) : ats -nitrogen-autotrophic taxa, tolerating very small concentrations of organically bound nitrogen; ate -nitrogen-autotrophic taxa, tolerating elevated concentrations of organically bound nitrogen; hne -facultatively nitrogen-heterotrophic taxa, needing periodically elevated concentrations of organically bound nitrogen; hce -obligately nitrogen-heterotrophic taxa, needing continuously elevated concentrations of organically bound nitrogen; (d) Acidity (pH) degree according to Hustedt (1957) (alb -alkalibiontes; alfalkaliphiles, ind -indifferent; acf -acidophiles; acb -acidobiontes, neu -neutrophiles as a part of indifferent taxa); (e) Halobity degree according to Hustedt (1938 Hustedt ( -1939 ) (hb -oligohalobes-halophobes, i -oligohalobes-indifferent, mh -mesohalobes, hl -halophiles; ph -polyhalobes); (f) Oxygenation and streaming (st -standing water, str -streaming water, st-str -low streaming water, ae -aerophiles). STDEV: Standard deviation line. We tried to discover which taxonomic groups are correlated with altitude-related variables. The Pearson correlation of the major divisions is significant and negative (Heterokontophyta, Chlorophyta, Cyanoprokaryota, , whereas other taxonomical groups have no significant correlation with altitude. Species richness as a whole also has negative correlation (-0.721) at the 0.08 level of significance. At the same time, the most correlated taxonomical groups are Heterokontophyta and Chlorophyta (Figure 5d ). Our analysis shows that community structure fluctuates with altitude, as can be seen in Figure 6 and the electronic Appendix. While at altitudes between 300 and 2000 m a.s.l. there is an increased presence of Cyanoprokaryota and Chlorophyta species, the upper habitats are mostly enriched by diatoms ( Figure 6 ). Bioindication of communities of different altitudes shows that the role of planktobenthic (Figure 7a (Figure 8b ) and the eutrophic to mesotrophic state of the ecosystem ( Figure  8c ) with Class III water quality (Figure 8d) .
The major habitats of the study area represented riverine communities. Therefore, we compared species richness in five rivers to reveal the influence of hydrological factors. Comparative floristic analysis shows (Figure 9 ) that species with a similarity level of 40% were divided into three clusters relevant to the major river basins of Vakhsh, Kafirnigan, and Kyzylsu with their tributaries. . Distribution of species indicators over altitudes in the South-Tajik Depression water bodies: substrate preferences (Pplanktonic, P-B -planktobenthic, B -benthic, Ep -epiphyte, S -soil); temperature preferences (cool -cool-water, temp -temperate, eterm -eurythermic, warm -warm-water); oxygenation and streaming (st -standing water, str -streaming water, st-str -low streaming water, ae -aerophiles); salinity ecological groups (hb -oligohalobes-halophobes, i -oligohalobes-indifferent, mh -mesohalobes, hlhalophiles; ph -polyhalobes).
This evidence helps us to conclude that communities in each river basin have their own algal species diversity. A comparison of algal diversity, grouped according to habitat altitudes (see electronic Appendix), is shown in the dendrogram (Figure 10 ) by three clusters with a similarity level of 40%. The first cluster included species from the lowest habitat altitudes of 300-500 m a.s.l. The second cluster represents habitats at altitudes of up to 1000 m and included the richest communities (Table) . The third cluster unites communities living at altitudes above 1000 m. A dendrite of similarity that was based on percentage of species overlapping in each pair of altitude species group (Figure 11) shows decreasing species similarity from the lowest (32%) to highest (15%) habitats. Species similarity can be related not only with species richness, which rather fluctuated, but mostly with the influence of specific altitude-related environments.
Floristic comparison of species richness in the lentic water bodies of the studied area helped us to divide communities into two different cores (Figure 12 ). Core one included lakes and reservoirs, whereas Core two included fishpond communities only. Apparently, the influence on species richness in lentic water bodies depends more on trophic levels than on the type of habitat in which the species live.
In this case we calculated the relationship between species richness on a divisional level with climatic . Distribution of species indicators over altitudes in the South-Tajik Depression water bodies: pH preferences range (alb -alkalibiontes; alf -alkaliphiles, ind -indifferent; acf -acidophiles; acb -acidobiontes, neu -neutrophiles as a part of indifferent taxa); nitrogen uptake metabolism preferences (ats -nitrogen-autotrophic taxa, tolerating very small concentrations of organically bound nitrogen; ate -nitrogen-autotrophic taxa, tolerating elevated concentrations of organically bound nitrogen; hne -facultatively nitrogen-heterotrophic taxa, needing periodically elevated concentrations of organically bound nitrogen; hce -obligately nitrogen-heterotrophic taxa, needing continuously elevated concentrations of organically bound nitrogen); trophic state indicators (ot -oligotraphentic; o-m -oligomesotraphentic; m -mesotraphentic; me -mesoeutraphentic; e -eutraphentic; he -hypereutraphentic; o-e -oligo-to eutraphentic (hypereutraphentic)); Water Quality Class in the EU FWD color ranges.
variables relating to altitude. The CCA biplot shows that variables are clustered in two opposite groups ( Figure  13 ). Temperature variables form the upper right cluster of parameters that stimulate algal species diversity, whereas the second lower cluster includes altitude of habitats and precipitation, which suppress species diversity in the study area. We did not see any special reaction of the identified divisional diversity taxa to different groups of variables; only Cryptophyta species appear relatively affected by temperature, but this division is only represented by one species (see electronic Appendix) in the lowermost habitat. We calculated the infraspecies polymorphism index of the ratio of infraspecies to species taxa in altitude clusters' diversity. Figure 14 shows that species richness in altitude clusters fluctuated, but had a negative trend with altitude. Sometimes infraspecific variation in algal species had the opposite trend, i.e. infraspecific variation increased with altitude. Altitude-related environmental variables are stress factors that enhance the infraspecific variation. Therefore, we can see in the electronic Appendix that in the studied flora the most polymorphic species are from the genera Cosmarium, Closterium (desmids), Lepocinclis, Euglena, Trachelomonas (euglenoids), Gomphonema, Nitzschia (diatoms), and Scenedesmus (green algae).
Discussion
Our approach to analyze species preferences with the help of bioindication, statistical programs, and comparative floristic analyses was used to determine altitude distribution of algal communities in the South-Tajik mountain area. We identified 1190 taxa from 9 taxonomic divisions, in which Heterokontophyta, Chlorophyta, and Cyanoprokaryota prevailed. Species richness in the studied area's water bodies is very high and can be compared with surrounding mountain areas of freshwater diversity in Georgia (1063) (Barinova et al., 2011a) , the Aragvi River (644) (Barinova and Kukhaleishvili, 2014) , Israel (1621) (Barinova, 2011a), Mongolia (1574) (Dorofeyuk and Tsetsegmaa, 2002) , and Turkey (2300) (Aysel, 2005) . It seems that the algal flora of the studied regions is characterized not only by these three river basins, but also by the Upper Amu Darya 631 ecoregion in the FEOW as a whole. In this region of Asia the attention of researchers has been focused on the algal communities' changes with altitude and environmental gradients in the mountain lakes and reservoirs of Turkey (Atıcı, 2002; Atıcı and Obalı, 2006, 2010; Şahin, 1998 , 2000 , 2001 and Iran (Shams et al., 2012) . We implemented integral altitude-related analyses that were carried out for the first time in the studied areas. Our assessments for the successive altitudinal belts include the anthropogenic effects that scale to climatic differences rather than being separated from the climatic control. We consider this as a crucial point of the present study because traditionally pollution is thought to be one factor and climate another. In reality, their effects intermingle and correlate. It can be seen that altitude and altitude-related climatic variables play the major role in species distribution. In all of the mentioned surrounding floras, the Heterokontophyta species prevailed. In the studied flora we noted a trend of Chlorophyta and Cyanoprokaryota species numbers decreasing with altitude, as in Mongolia, Turkey, and the Hindu Kush (Barinova et al., 2013) ; however, this trend is the opposite in Israel and Georgia. The results of studies of the diversity of mountain lakes (1200-2700 m a.s.l.) in Turkey (Şahin, 1998, 2000, 2001 ) confirm our conclusion that the role of desmids increases with the altitude of the lake, whereas euglenoids decrease. Bioindication analysis characterizes the studied rivers and lakes as low-alkaline and low-saline, temperate, medium-oxygenated, of lowand medium-polluted Class II and III water quality, inhabited by algae with strongly prevailing autotrophic nutrition and reflecting an oligotrophic to hypertrophic state.
An altitude gradient can be seen increasing the role of algal species with planktobenthic, photosynthetic ecology inhabiting temperate, medium-oxygenated, fresh, alkaline, and eutrophic to mesotrophic waters of Class III quality.
A comparison of the algal diversity that we grouped according to habitat altitudes showed that each river basin has its own algal species diversity. Lentic water body diversity correlated mostly with its trophic level. CCA showed that climate-related variables are clustered as two opposite groups that stimulated (temperature) or suppressed (precipitation and altitude) algal species diversity. Infraspecies variation is an ecologically significant characteristic relevant to the biotic community's adaptive strategy as revealed with respect to latitudinal and altitudinal differentiation of freshwater floras (Barinova et al., 2011a (Barinova et al., , 2011b (Barinova et al., , 2013 . In the present study we obtained only preliminary results, which may not be fully convincing, but are still worth mentioning as they are congruent with our previous conclusion on the increase of infraspecies polymorphism with altitude. Our calculation of the infraspecies polymorphism index showed increases with altitude from 1.12 to 1.20. It also showed that altitude-related environmental variables placed stress on algal species development by provoking infraspecific variation. The same trend in the index value was found in the Israeli (Barinova et al., 2011b ), Hindu Kush (Barinova et al., 2013 ), and Georgian (Barinova et al., 2011a altitude gradients. This information reveals that high altitudes not only stress algal communities, but also stimulate species polymorphism as a compensatory mechanism for the survival of algal species.
As a result of this study, we conclude that species distribution and ecological preferences of algal communities in the rivers and lakes of the South-Tajik Depression area are strongly affected by altitude and altitude-related climatic variables. High species richness gives us the basis for relevant use of statistical programs. We implemented a multivariate analysis approach using quantitative estimates for the ecological tolerance ranges of critical species and communities as well as detecting cardinal factors and trends from local water bodies to global levels of biodiversity evolution. A comparison of the Tajik Depression freshwater algae with other regional algal floras of high mountains shows that altitude and altitude-related climatic variables play a major role in species distribution. We determined that temperature stimulated algal diversity, while precipitation and altitude suppressed it. One of the floristic complexity criteria is the average species richness of the algal genera or the genera to species ratio. The study of high-mountain algal flora showed increases of structural complexity with altitude.
This means that many species per genus in lower-altitude habitats showed evidence of stable development, whereas a high ratio of monotypic genera can be related to geological, climatic, or anthropogenic impacts such as what was seen in the high-altitude communities of the South-Tajik Depression. Therefore, high altitudes not only stress algal communities but also stimulate species polymorphism as a compensatory mechanism for the survival of algal species.
Our approach to analyzing the freshwater algal communities of mountain regions is pertinent to the problem of floristic differentiation under climate change, in particular because the high-mountain areas are species richness reserves (Hewitt, 1996) in a time of climatic instability. Guiry MD, Guiry GM (2013 
